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[57] ABSTRACT

A process for the preparation of 3-trichloromethylpyri-
dine of the formula

(I)

which comprises reacting 3-methyl-pyridine hydrogen
sulphate of the formula
- CHs (11)
| HSO4©
-5
Ng
H

with elemental chlorine with 'exposure to at least one

of visible and ultraviolet light at a temperature between
about 70° C. and 150" C.

8 Claims, No Drawings
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PREPARATION OF
3-TRICHLOROMETHYL-PYRIDINE

The invention relates to a new process for the prepa-
ration of 3-trichloromethyl-pyridine, which can be used
as an intermediate for the preparation of known herbi-
cides and insecticides.

It is known that 3-trichloromethyl-pyridine is ob-
tained by heating nicotinic acid with phosphorus(V)
chloride at 115° C. (cf. J. Chem. Soc. Perkin Trans I,
1989, 283-287) or by reacting phenyldichlorophos-
phane (C¢HsPCl,), phosphorus(11I) chloride and chlo-
rine at temperatures between 100° C. and 250° C. (cf.
U.S. Pat. No. 4,634,771). However, the yields which
can be achieved with these processes are not satisfac-
tory; moreover, the use of phosphorus compounds pres-
ents problems since they cause pollution of the waste
water.

Furthermore, it is known that 3-trichloromethyl-
pyridine can also be obtained by reacting 3-methyl-pyn-
dine with chlorine in the presence of a metal oxide
catalyst or metal chloride catalyst at temperatures be-
tween 200° C. and 350° C. (cf. EP-A 65,358). However,
the reaction does not proceed uniformly, and the prod-
uct mixtures which are formed can only be separated
with difficulty.

Furthermore, it is known that 3-methyl-pyridine can
also be converted into 3-trichloromethyl-pyridine by
chlorination in a mixture of sulphuric acid/oleum at 70°
C. to 75° C., with exposure to light (cf. FR-A-
1,394,362). However, it has been shown that in this
process, too, mixtures of products which are difficult to
separate are formed. |

It has now been found that 3-trichloromethyl-pyri-
dine, of the formula (I),

(I)

is obtained in a very good yield and in high purity when
3-methyl-pyridine hydrogen sulphate, of the formula
(D),

SN CH3 (1)

| HSO04©

-~
Ng
H

is reacted with elemental chlorine with exposure to
visible and/or ultraviolet light, if appropriate in the
presence of a catalyst, at temperatures between. 70° C.
and 150° C. ~

Surprisingly, 3-trichloromethyl-pyridine can be pre-
pared in a relatively simple manner in a very good yield
and in high purity by the process according to the in-
vention, while, using the known processes, this product
is obtained in moderate yields and in unsatisfactory
quality. |

The advantages of the processes according to the
invention are, on the one hand, the use of 3-methyl-pyri-
dine as a base compound, which is considerably more
economical compared with nicotinic acid, and on the
‘other hand, the low polution of waste water compared
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with the chlorination in sulphuric acid/oleum, com-
bined with a high space-time yield.

The course of the process according to the invention
can be outlined by the following equation:

N CH; A CCl;3
| i |
-z HS04° ﬁ') z
' N

Ng
H

3-Methylpyridine hydrogen sulphate, of the formula
(11), which is to be used as starting compound, has hith-
erto not been described in the literature as a defined
chemical species, but can be obtained in a simple man-
ner by combining (approximately) equimolar amounts
of 3-methyl-pyridine and sulphuric acid, if appropriate
with the use of a diluent, such as, for example, benzene,
toluene, ethyl acetate and/or dioxane, at temperatures
between 20° C. and 100° C.

3-Methyl-pyridine hydrogen sulphate, of the formula
(II), can be prepared in a preceding reaction step and
isolated as a pure product; however, it can also be re-
acted with chlorine in accordance with the process
according to the invention without intermediate isola-
tion. ‘ '

If appropriate, the process according to the invention
is carried out in the presence of a catalyst. Catalysts
which can be used are virtually all catalysts which are
suitable for reactions of this type. Catalysts which are
preferably employed in the process according to the
invention are carboxamides, in particular aromatic car-
boxamides, such as, for example, benzamide.

The process according to the invention 1s carried out
with exposure to light. Suitable means for exposure are
virtually all those customary in photochemical reac-
tions. Light sources which are preferred in the process
according to the invention are, in particular, those
which emit light at the border between visible and ultra-
violet light. This means that ordinary light bulbs are
also suitable for exposure in the process according to
the invention.

In general, the process according to the invention 1s
carried out at temperatures between 70° C. and 150° C,,
preferably between 90° C. and 130° C. In general, the.
process according to the invention is carried out under
atmospheric pressure. However, it is also possible to
carry out the process under increased or reduced pres-
sure, preferably between 0.1 and 10 bar.

To carry out the process according to the invention,
3 to 15 moles, preferably 3 to 10 moles, of chlorine are
generally employed per mole of 3-methyl-pyridine hy-
drogen sulphate, of the formula (1I).

In a preferred embodiment of the process according
to the invention, the 3-methyl-pyridine hydrogen sul-
phate, of the formula (II), is initially prepared by intro-
ducing 3-methyl-pyridine into the reaction vessel and
adding an approximately equimolar amount of sul-
phuric acid at temperatures between 20° C. and 100° C.
The reaction temperature required is then establi-
shed—if appropriate after a catalyst has been added-—,
and chlorine is then slowly passed in with exposure to
light until the reaction is virtually complete.

After cooling, the mixture is diluted with water and
an organic solvent which is virtually immiscible with
water, such as, for example, ethyl acetate, and a weakly
alkaline pH is established. The organic phase is sepa-
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rated off, and the aqueous phase can optionally be reex-
tracted. The organic phase is dried, for example with
magnesium sulphate, and filtered, and the filtrate is
concentrated, and a residue which essentially contains
the product of the formula (I) is obtained.

3-Trichloromethyl-pyridine to be prepared by the
process according to the invention can be used as an
intermediate for the preparation of herbicides (cf. EP-A
65,358) or of insecticides.

4
tion P 3,842,358, which is earlier with regard to the

present application, but has not previously been pub-

lished.

Reaction step e) is carried out in accordance with
European Patent Application EP 0,192,060 Al. which
has been published.

Another preparation method of an insecticidal active

A typical reaction sequence for the preparation of an 10 compound is shown below:
insecticidal active compound may be shown by way of

example: - 5
A CCl;
2) I 3(CH1);CH— CH;0Na
OCH; 15 (. i-butanol E
| | y .
== CCl3 S CH
l 3NaOCH3 ‘ \OCH3
- (CH30H) | - /O—CHE"CH(CH.a)z
N CH;30 N ~ CH
/ \
OCH3 b) O—CH;~CH(CHj3)z
/ =
ra CH\ ? N
| ocH; 220 5 CHy,—CH(CHa);
X (HE) 25
CH;0O N
O-—CHy=CH(CH3); b}
CH/
Z \ HCI/H,0
O=-CH;—CH(CH3); —————>
—~—
O N
CH30O I
CH;—CH(CH3);
O C)
| O
2 C—H 38 |
| H; S P C—H
~ Pd/charcoal
CH30 N | |
O N
CH;—OH |
// | 2 40 H
—
CH30 N ﬁ’ c)
S C—~H
= CH;—OH d) | H>/Raney nickel
I COCh 45 —>
“ H—CO—NCifl); = 0™ T N
CH;0 N |
H
F CH;—Cl
| 50 Z CH;—OH
‘*- |
Cl N
O N
7 CH,—Cl S ) . ;{
| I -+ base 9
+
- HN_ _ NH (—HC) "
Cl N C | CH»—OH
1 | Z COCI
N—NO» | .___—2__9.
H—CO—N(CaHo)2 ~ _
— “° 3
I
CHy—N NH H
= 2 N o
| n
~ N—NO, S CHy—Cl
Ci N 65 ‘
[ ] » ™ H
Reaction steps a) up to and including d) are carried C) N

out here in accordance with German Patent Applica-
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| -continued
e)
P CH,—Cl
I l b
| + Ho >
HN Ny (—HCD
X | ~ .7
Cl N ﬁ
N—NO3
F CH;—N \.C P NH
|
~ N=—NQO,
Cl N

Reaction steps a) up to and including d) are carried
out here in accordance with German Patent Applica-
tion P 3,842,358, which is earlier with regard to the
present application, but has not previously been pub-
lished.

Reaction step e) is carried out in accordance with
European Patent Application EP 0,192,060 A1, which
has been published.

PREPARATION EXAMPLE

(\/‘/ccﬁ;
| _

N

6.86 g (0.067 mol) of concentrated (96% strength)
sulphuric acid is added dropwise to 6.0 g (0.0645 mol) of
3-methyl-pyridine in such a way that a temperature of
80° C. is reached and maintained by the exothermal
reaction.

0.16 g (0.0013 mol) of benzamide is subsequently
added, and the mixture is heated at 115° C. to 120" C.
with the aid of an Osram 300 watt light bulb, which
simultaneously acts as a light and heat source. At this
temperature, a weak stream of chlorine is passed
through the reaction mixture, which is present in the
form of a melt, over a period of 14 hours. The light

source is then removed, the reaction mixture is diluted

at 70° C. with ethyl acetate and subsequently with ice-
water, and a weakly alkaline pH is established with
sodium carbonate. The organic phase is separated off,
and the aqueous phase is re-extracted twice with ethyl
acetate. The combined organic phases are dried with
magnesium sulphate and filtered. The solvent is care-
fully removed from the filtrate by distillation under a
water pump vacuum.
- This gives 10.7 g (83% of theory) of 3-trichlorometh-
yl-pyridine as a pale yellow, liquid residue of purity
989 (determined by gas chromatography).

The product can be purified further by vacuum distil-
lation (boiling point: 105° C.-107° C./15 mbar).
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It is understood that the specification and examples
are illustrative but not limitative of the present inven-
tion and that other embodiments within the spirit and
scope of the invention will suggest themselves to those
skilled in the art.

We claim:

1. A process for the preparation of 3-trichloromethyl-
pyridine of the formula

(1)

which comprises reacting 3-methyl-pyridine hydrogen
sulphate of the formula

CH: (I1)

=
| HSO4©

Ng
H

with elemental chlorine with exposure to at least one of
visible and ultraviolet light at a temperature between
about 70° C. and 150° C. in the presence of an aromatic
carboxamide as catalyst.

2. The process according to claim 1, wherein the
3-methyl-pyridine hydrogen sulphate is produced and
then reacted with the elemental chlorine in situ without
intermediate isolation.

3. The process according to claim 1, wherein the
catalyst is benzamide.

4. The process according to claim 1, wherein the light
source emits at the border between visible and ultravio-
let light.

5. The process according to claim 1, wherein the
reaction is carried out at a temperature between about
90° C. and 130" C. |

6. The process according to claim 1, wherein about 3
to 15 moles of elemental chlorine are employed per
mole of 3-methyl-pyridine hydrogen sulphate.

7. The process according to claim 2, wherein the
3-methyl-pyridine hydrogen sulphate is initially pre-
pared by introducing 3-methyl-pyridine into a reaction
vessel and adding an approximately equimolar amount
of sulphuric acid at a temperature between about 20° C.
and 100° C.

8. The process according to claim 7, including the
further steps of establishing a reaction temperature be-
tween 90° C. and 130° C., adding the catalyst, slowly
passing elemental chlorine into the reagent with expo-
sure to light, and extracting the resulting reaction prod-
uct with an organic solvent which is virtually immisci-

ble with water.
% x ¥ ¥ ¥
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